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A PtEZOELECTR ICALLY ACTUATED TUNABLE ELECTRONIC DEVICE 

Field of Invention 
The present invention relates to a piezo electrically actuated tunable electronic 
device, especially to a multifunctional piezoelectrically actuated tunable electronic 
device. The piezoelectrically actuated tunable electronic device of this invention 
may function as a switch or a capacitor under the same structure. 

Background of Invention 
There is a trend in the industry to prepare all kinds of electronic components 
by using the micromachining technology Electronic components so prepared or 
disclosed include filters, microswitches, tunable capacitors etc. Components 
prepared by the micromachining technology provide advantages over the 
traditional components such as better electro-mechanical isolation, improved 
leakage in radio frequency (RF) circuits, declination in coupling with actuating 
circuits etc. Another advantage of such components is the low consumption of 
power. However, up to the present time, almost all microfabricated electronic 
components are driven by electrostatics or by induction mechanisms. In order to 
drive such components with electrostatic forces, a component such as a 
microswitch needs to be provided a high voltage of, for example, 30V. (See Z. 
Jamie Yao et al., "Micromachined low-loss microwave switches", IEEE. J. of 
Microelectromechanical Systems, Vol. 8, No. 2, p. 129-134 (1999).) Another 
disadvantage of such a component is that its structure tends to collapse, if the 
component is a tunable capacitor. (See E.K. Chan and R. W. Dutton, "Effects of 
capacitors, resistors and residual charge on the static and dynamic performance of 
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electrostatically-actuated devices", SPIE Vol. 3680, p. 120-130, 1999.) Although 
many researches and developments have been made to solve these problems, no 
industrially available solutions have been disclosed. 

It is thus a need in the industry to provide a novel electronic component that 
can be driven effectively and rapidly. It is also a need to provide a novel 
microelectronic component wherein the problems in the conventional art may be 
solved. 

Objectives of Invention 

The objective of this invention is to provide a novel electronic component. 

Another objective of this invention is to provide a piezoelectrically actuated 
tunable electronic device. 

Another objective of this invention is to provide a simplified and 
multifunctional electronic device. 

Another objective of this invention is to provide a piezoelectrically actuated 
electronic device wherein the corresponding surfaces of electrodes of the device 
may be maintained substantially parallel. 

Another objective of this invention is to provide a method for the preparation 
of a novel electronic device. 

Summary of Invention 

•Atiewdmg^e-flMs4rm^^ 
device is provided. The piezoelecn^y^ctn^Sd^iectronic device of this 
invention icompris^s^u^trate, a support and a first electrode provided on said 
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at least two piezoelectric films positioned on respective arms of said^up^ort and 
upper electrode and lower electrode for said piezoeleclrigjtfms. The piezoelectric 
films are adhered firmly to the corresponding^px5siTions on the arms, relative to the 
center portion of said support, wh^refiy extensions of the piezoelectric films will 
cause curving of said arjn<" By providing a voltage to said piezoelectric films, the 
length of the jpieg£>electric films will extend, such that the distance between said 
first ^Strode on said support and said second electrode on said substrate or 

Lchange4r- 
Wltt^pur-pose^f-c^ 
second electrode is to control the contact between said electrode^ndsaid second 
electrode, the piezoelectrically actuated electronic device functions as a 
microswitch. When purpose of change ^distance between said first electrode 
and said second electrode is to cpnfrol the distance between said electrode and said 
second electrode, the^j^oelectrically actuated electronic device functions as a 
tunable capacijot^ Since the arms of the support are in a symmetric manner, the 
corresponding surfaces of the first electrode and the second electrode may be 
fifained-^itbst^^ 

These and other objectives and advantages of this invention may be clearly 
understood from the detailed description by referring to the following drawings. 
Brief Description of Drawings 

Fig. 1 illustrates the cross-sectional view of an embodiment of the 
piezoelectrically actuated electronic device of this invention. 



Fig. 2 illustrates the cross-sectional view of another embodiment of the 
piezoelectrically actuated electronic device of this invention. 

Fig. 3 illustrates the plan view of a third embodiment of the piezoelectrically 
actuated electronic device of this invention. 
5 Fig. 4 illustrates the displacement of the arms of the piezoelectrically actuated 

electronic device of Fig. 3, as simulated in a computer software. 

Detailed Description of Invention 
The following is a detailed description of the embodiments of the 
piezoelectrically actuated electronic device of this invention. 
10 Embodiment I 

, piezoelectrically actuated electronic device of this invention. As^own in this 

figure, the piezoelectrically actuated electronic device oftWsinvention comprises a 
substrate 100 to contain the piezoelectrically actuaje^electronic device and a 
1 5 support 101. The support 1 0 1 may be ma^erof a strip of elastic material and 

comprises a central portion and two el^tic arms 101a and 101b. Both ends of the 
support 101 are fumly positiontxHn the substrate 100, with its central portion being 
distanced to said substrateJ^O at a predetermined distance. On the arms 1 0 1 a and 
101b of the support^, firmly adhered are two piezoelectric films 103 and 103 at 
20 the corresponding position substantially symmetric to the central portion of the 
support In this embodiment, the piezoelectric films 1 03 and 1 03 are in a 

strip^fape. Above and beneath the piezoelectric films 103 and 103 are upper 
^ctrodes-andJo wer elert^^^ 



icnver^eetrodes-are^ontrolted^^^ 

On the surface of the central portion of the support 101 facing the substrate 
5 1 00, a first electrode 20 1 is provided. On the surface of the substrate 1 00 facing 
the central portion of the support 1 0 1 , a second electrode 40 1 is provided. Proper 
electric connections and necessary circuits to the first electrode 20 1 and the second 
electrode 401 are provided but are not shown in this figure. The connections and 
circuits for the first electrode 201 and the second electrode 4 10 may be easily 
10 understood by those skilled in the art by referring to the following descriptions. 
Detailed description thereof is thus omitted. 

When a voltage is supplied to the upper and lower electrodes of the 
piezoelectric films 103, 103, the length of the piezoelectric films 103, 103 will be 
extended according to the voltage as supplied, substantially in proportion to the 
1 5 voltage supplied. Since the piezoelectric films are firmly adhered to the arms 
lOlaand 101b, the extension of length of the piezoelectric films 103, 103 will 
cause the arms 101a and 101b to bend, thereby the distance between the first 
electrode 20 1 and the second electrode 4 1 0 will be decreased. When sufficient 
voltage is supplied, the bending of the arms 101a and 101b may cause the contact 
20 between the first electrode 20 1 and the second electrode 401. When voltage 
supplied to the upper and lower electrodes of the piezoelectric films 103, 103 is 
stopped, the arms 1 0 1 a and 1 0 1 b will return to their respective original shape. As 
such, the distance or the contact between the first electrode 201 and the second 



electrode 40 1 may be controlled by controlling the voltage supplied to the upper 
and lower electrodes of the piezoelectric films 103, 103. 

Since the two piezoelectric films 103, 103 are positioned at substantially 
symmetric positions relative to the central portion of the support 1 01, during the 
5 bending of the arms 1 03, 1 03, the corresponding surfaces of the first electrode 20 1 
and the second electrode 401 are maintained substantially parallel. 

Based on such design, the space between the first electrode 201 and the 
second electrode 40 1 can be varied and function as a tunable capacitor. The 
capacitance between the electrodes 201, 401 may be adjusted by the controller 105. 
1 0 On the other hand, the electrodes 20 1 and 40 1 may be controlled to contact with 
each other and function as a microswitch. The contact between the electrodes 201 
and 401 may be controlled by said controller 105. 

Since the first electrode 20 1 and the second electrode 40 1 may be maintained 
substantially parallel during the control, enhanced adjustment or switching effects 
1 5 may be obtained, either as a tunable capacitor or a microswitch. 
■|) -JH-to^e^alimiMt^^ 

■jjj^ invention, the support 1 0 1 may be prepared with a semi-msulatoj^atrd^rln^ulation 

material under the micro fabrication technology or updefthe surface 
micromachining technology. The actuatej>oTlhe tunable electronic device is the 
20 piezoelectric films 1 03, 1 03. Implication, the films may contain one or tow 

layers of piezoelectricmatenal. If more than two layers are used, each layer may 
contain irrespective upper electrode and lower electrode. Applicable 
rfeetrie^teriaUndud^ 
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Embodiment II 

Fig. 2 illustrates the cross-sectional view of another embodiment of the 
piezoelectrically actuated electronic device of this invention. In this figure, 
elements that are the same with that in Fig. 1 are labeled with same numbers. 

As shown in Fig. 2, the major difference between this embodiment with 
Embodiment I rests in that two substrates are provided. The second electrode 401 
is provided on the second substrate 1 00% not on the first substrate 1 00. As a 
result, supplying a voltage to the upper and lower electrodes of the piezoelectric 
films 103, 103 will cause the distance between the first electrode 201 and the 
second electrode 40 1 to increase. Other aspects and way of control for this 
embodiment are substantially the same as that for Embodiment I. 
Embodiment in 

Fig. 3 illustrates the plan view of a third embodiment of the piezoelectrically 
actuated electronic device of this invention. In this figure, elements that are the 
same with that in Figs. 1 and 2 are labeled with same numbers. 

As shown in this figure, the major difference between this embodiment and 
that of Embodiments I and II rests in that a support 101 provided with 4 arms 101a, 
1 0 1 b, 1 0 1 c and 1 0 1 d. The 4 arms 1 0 1 a- 1 0 1 d supportively connect to a floating 
plate 106. The first electrode 201 is positioned beneath the floating plate 106, 
facing the second electrode 401 . Piezoelectric films 103a, 103b, 103c and 103d 
are respectively provided on respective arms 101a, 101b, 101c and lOld. 

In this embodiment, the arms in combination form a Buddhism cross (FK). 
The 4 piezoelectric films 103a- 103d are respectively positioned on the arms 



1 0 1 a- 1 0 1 d at symmetric positions relative to the center of the floating plate 1 06. 
By supplying a voltage to the piezoelectric films 103a- 103d simultaneously, the 
first electrode 201 may move toward the second electrode 401, even to contact the 
second electrode 40 1 . During the movement of the first electrode 20 1 , the 
corresponding surfaces of the first electrode 201 and the second electrode 401 may 
be maintained substantially parallel. 

When a PZT film is used in the piezoelectrically actuated electronic device of 
this invention, by supplying a 5V to the piezoelectric film, about 6um displacement 
may be actuated. Fig. 3 illustrates the displacement of the arms of the 
piezoelectrically actuated electronic device of Embodiment III, as simulated in a 
computer software. In this figure, shown is the displacement of the arms when 
the size of the arms lOla-lOld is 200*40* 1 .2 Gun). The piezoelectric films are 
0.3um in thickness and the first and the second electrodes are 0.2um in thickness. 

In some embodiments of this invention, a stress sensing device (not shown) 
may be provided on the stress sensitive positions of the arms. A feedback circuit 
may be provided to control the voltage supplied to the electrodes of the 
piezoelectric films to more specifically control the variation of the arms. In such 
an application, the stress generated by the downward bending of the arms may be 
sensed to be deemed the variation of the arms. 

In this invention, the arms are provided substantially symmetric to the central 
portion of the support. As a result, the corresponding surfaces of the first 
electrode and the second electrode may be maintained substantially parallel. 

Although in the description of the embodiments, the support in the shape of a 
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strip (with two arms) and a Buddhism cross (with four arms) is taken for example, 
other shape of support with substantially symmetric arms may be suited in this 
invention. These may include tripod shape, circular shape, radiation shape etc. 

As the present invention has been shown and described with reference to 
preferred embodiments thereof; those skilled in the art will recognize that the above 
and other changes may be made therein without departing form the spirit and scope 
of the invention. 



